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METHOD AND APPARATUS FOR NON-ADJACENT CARRIER SIGNALLING IN A
MULTICARRIER BROADBAND WIRELESS SYSTEM

TECHNICAL FIELD

The present application relates generally to non-adjacent carrier signaling in a multi-carrier

broadband wireless system.

BACKGROUND

As wireless communication devices flourish, there is a need for higher data rates and spectral
efficiency. Multi-carrier systems, where carriers may reside in a single or different bands, can provide
higher data rates in wireless communications systems, and have been playing a significant role in a wide
variety of wireless standards. In multi-carrier systems, the carriers may be adjacent to each other, or they
may be non-adjacent to each other. Non-adjacent carrier allocation means there are frequency gaps
among the carriers. Non-adjacent carrier operation may help to increase the data rate in various
situations. For example, when operators have scattered spectrum in a single band, or when dynamic

spectrum allocation comes into play.

SUMMARY

According to a first aspect of the present invention, a method comprising: reporting a
maximum supported radio frequency bandwidth; reporting a number of supported carriers; receiving data
on non-adjacent carriers, wherein the non-adjacent carriers are determined based at least in part on the
reported maximum supported radio frequency bandwidth and the reported number of supported carriers;
and reporting a maximum gap size between the non-adjacent carriers.

According to a second aspect of the present invention, a method comprising: receiving a
maximum supported radio frequency bandwidth; receiving a number of supported carriers; allocating
data on non-adjacent carriers, wherein the non-adjacent carriers are determined based at least in part on
the received maximum supported radio frequency bandwidth and the received number of supported

carriers; and receiving a maximum gap size between the non-adjacent carriers.

According to a third aspect of the present invention, an apparatus comprising: at least one
processor; and at least one memory including computer program code, wherein the at least one memory
and the computer program code are configured to, with the at least one processor, cause the apparatus to
perform at least the following: report a maximum supported radio frequency bandwidth; report a number
of supported carriers; receive data on non-adjacent carriers, wherein the non-adjacent carriers are
determined based at least in part on the reported maximum supported radio frequency bandwidth and the

reported number of supported carriers; and report a maximum gap size between the non-adjacent carriers.

CA 2824008 2018-04-17
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According to a fourth aspect of the present invention, an apparatus comprising: at least one processor;
and at least one memory including computer program code, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause the apparatus to perform
at least the following: receive a maximum supported radio frequency bandwidth; receive a number of
supported carriers; allocate data on non-adjacent carriers, wherein the non-adjacent carriers are
determined based at least in part on the received maximum supported radio frequency bandwidth and the
received number of supported carriers; and receive a maximum gap size between the non-adjacent
carriers.

According to a fifth aspect of the present invention, a computer-readable medium having
computer executable program code stored thereon, the computer executable program code when
executed by a processor performing a method comprising: reporting a maximum supported radio
frequency bandwidth; reporting a number of supported carriers; receiving data on non-adjacent carriers,
wherein the non-adjacent carriers are determined based at least in part on the reported maximum
supported radio frequency bandwidth and the reported number of supported carriers; and reporting a
maximum gap si1ze between the non-adjacent carriers.

According to a sixth aspect of the present inventton, a computer-readable medium having
computer executable program code stored thereon, the computer executable program code when
executed by a processor performing a method comprising: recetving a maximum supported radio
frequency bandwidth; receiving a number of supported carriers; allocating data on non-adjacent carriers,
wherein the non-adjacent carriers are determined based at least in part on the received maximum
supported radio frequency bandwidth and the received number of supported carriers; and receiving a

maximum gap size between the non-adjacent carriers.

CA 2824008 2018-04-17
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2a

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of example embodiments of the present invention,
reference is now made to the following descriptions taken in connection with the accompanying
drawings in which:

FIGURE 1 is a block diagram depicting an electronic device operating in accordance with an
example embodiment of the invention;

FIGURE 2 illustrates an arrangement where some embodiments of the invention may be
practiced;

FIGURE 3 is a block diagram 1illustrating an allocation of two non-adjacent carriers for an
apparatus with 15MHz maximum supported radio frequency bandwidth operating in accordance with an
example embodiment of the invention;

FIGURE 4 is a block diagram illustrating an allocation of two non-adjacent carriers for an
apparatus with 20MHz maximum supported radio {frequency bandwidth operating 1n accordance with an
example embodiment of the invention;

FIGURE 5 is a block diagram 1illustrating an allocation of three carriers for an apparatus with
20MHz maximum supported radio frequency bandwidth operating in accordance with an example
embodiment of the invention;

FIGURE 6 is a block diagram illustrating an allocation of three non-adjacent carriers for an
apparatus with 25MHz maximum supported radio frequency bandwidth operating in accordance with an
example embodiment of the invention;

FIGURE 7 1s a flow diagram illustrating an example method for signaling and receiving data
on non-adjacent carriers in accordance with an example embodiment of the invention; and

FIGURE 8 1s a flow diagram illustrating an example method for allocating data on non-

adjacent carriers in accordance with an example embodiment of the invention;

DETAILED DESCRIPTION OF THE DRAWINGS

An example embodiment of the present invention and its potential advantages are understood
by referring to FIGURES 1 through 8 of the drawings.

FIGURE 1 is a block diagram depicting an electronic device 100 operating in accordance with
an example embodiment of the invention. In an example embodiment, the electronic device 100
comprises a processor 110 or other processing component. In an example embodiment, the electronic
device 100 may comprise multiple processors, such as processor 110.

In an embodiment, the electronic device 100 comprises memory 120. For example, the

electronic device may comprise volatile memory, such as random access memory, RAM. Volatile

memory may comprise a cache area for the temporary storage of data. Further, the electronic device 100

CA 2824008 2018-04-17
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may also comprise non-volatile memory, which may be embedded and/or may be removable. The non-
volatile memory may also comprise an electrically erasable programmable read only memory, tlash
memory, and/or the like. In an alternative embodiment, the processor 110 may comprise memory. For
example, the processor 110 may comprise volatile memory, non-volatile memory, and/or the like.

The electronic device 100 may use at least one memory to store one or more computer prograim
code 140. In accordance with computer program code 140, the processor 110 may perform embodiments
of the present invention, or cause electronic device 100 to perform embodiments of the invention.

The electronic device 100 may have a transmitter and a recerver. In an example embodiment,

the transmutter and receiver are separated. In an alternative embodiment, the transmatter and recerver are
combined. The recerver has a maximum radio frequency bandwidth 1t can recerve data from. By

maximum radio frequency bandwadth 1t 1s meant a maximum width of a frequency band comprising

carriers and gaps between the carrers.

In an embodiment, the processor 110 of the electronic device 100 may comprise circultry for
implementing audio feature, logic features, and/or the like. For example, the processor 110 may comprise

a digital signal processor device, a microprocessor device, a processing core, a digital to analog converter,

other support circuits, and/or the like. In an embodiment, control and signal processing features of the
processor 110 may be allocated between devices, such as the devices describe above, according to their

respective capabilities. Further, the processor 110 mayv also comprise an internal voice coder and/or an

internal data modem. Further still, the processor 110 may comprise features to operate one or more

software programs. For example, the processor 110 may be capable of operating a software program for

connectivity, such as a conventional Internet browser. Further, the connectivity program may allow the

electronic device 100 to transmit and recerve Internat content, such as location-based content, other web
page contlent, and/or the hike. In an embodiment, the electronic device 100 may use a wireless application
protocol, WAP,, hypertext transter protocol, HI'TP, file transter protocol, FTFP, and/or the like to transmit
and/or recerve the Internet content.

In an embodiment, the electronic device 100 may be capable of operating i accordance with
any of a number of a first generation communication prcotocol, a second generation communication
protocol, a third generation communication protocol, a fourth generation communication protocol, and/or
the ike. For example, the electronic device 100 may be capable of operating 1in accordance with second
oeneration, 2, communication protocoels IS-136, time division multiple access, TDMA, global system

tor mobile communication, GoSM, I5-95 code division multiple access, CDMA, and/or the like. Further,

the electronic device 100 may be capable of operating 1n accordance with third-generation, 3G,

communication protocols, such as Umiversal Mobile Telecommunications System, UMTS, CIDMA2000,
wideband CDMA, WCDMA, time division-synchronous CDMA, TD-SCDMA, and/or the like. Further

still, the electronic device 100 may also be capable of operating 1n accordance with 3.9 generation, 3 .9G,
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wireless communication protocols, such as Evolved Universal Terrestnal Radio Access Network, E-

UTRAN, or the like, or wireless communication projects, such as long term evolution, LTE, or the like.

otill further, the electronic device 100 may be capable of operating in accordance with fourth generation,
4z communication protocols.

In an alternative embodiment, the electronic device 100 may be capable of operating in
accordance with a non-cellular communication mechanism. For example, the electronic device 100 may
be capable of communication in a wireless local area network, WLAN, other communication networks,

and/or the like. Further, the electronic device 100 may communicate 1n accordance with techniques, such

as radio frequency, RE, intrared, IrDA, any of a number of WLAN techmiques. For example, the

electronic device 100 may communicate using one or more of the following WLAN technmques: IEEE

802.11,e.g., 802.11a, 802.11b, 802.11g, 802.11n, and/or the like. Further, the electronic device 100 may

also communicate, via a world interoperability, to use a microwave access, WiMAX technique, such as

IEEE 802.16, and/or a wireless personal area network, WPAN technique, such as IEEE 80215,
BlueTooth, BT, ultra wideband, UWB, and/or the like.

It should be understood that the communications protocols described above may employ the use

of s1ignals. In an example embodiment, the signals comprises signaling information in accordance with

the air interface standard of the applicable cellular or non-cellular system, user speech, recerved data, user
oenerated data, and/or the like. In an embodiment, the electronic device 100 may be capable of operating
with one or more air interface standards, communication protocols, modulation types, access types, and/cr
the like. It should be further understood that the electrenic device 100 1s merely 1llustrative of one type of
electronic device that would benefit Irom embodiments of the invention and, therefore, should not be
taken to limit the scope of embodiments of the invention.

While embodiments ol the electronic device 100 are 1llustrated and wall be heremalter described
tor purposes of example, other types of electronic devices, such as a portable digital assistant, PDA, a
pager, a mobile television, a gaming device, a camera, a video recorder, an audio player, a video player, a
radio, a mobile telephone, a traditional computer, a portable computer device, a global positioning
system, GPS, device, a GPS navigation device, a GPS system, a mobile computer, a browsing device, an
clectronic book reader, a combination thereotf, and/or the like, may be used. While several embodiments

cf the mvention may be performed or used by the electronic device 100, embodiments may also be

employed by a server, a service, a combination thereod, and/or the like.

FIGURE 2 1llustrates an arrangement where some embodiments ot the invention may be

practiced. FIGURE 2 1llustrates apparatus 210. Example ot apparatus 210 may be an electronic device,
such as electronic device 100 of FIGURE 1.

Connection 215 allows apparatus 210 to transmit information to base station 220. Connection

215 may also allow apparatus 210 to recerve 1information tfrom base station 220. Connection 215 may be a
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connection according to wideband code drvision multiple access, WCDMA, global system for mobile

communications, GioM, long term evolution, L' TE, or other wireless technology. In some embodiments
connection 215 may be a wire-line connection mnstead of a wireless connection. Connection 215 may
comprise an uplink connection for conveying intormation from apparatus 210 to base station 220.
Connection 215 may comprise a downlink for conveving information from base station 220 to apparatus
210. Base station 220 comprises equipment configured to support connection 215, for example in

embodiments where connection 215 1s 1n accordance with WCDMA technology, base station 220

comprises at least equipment arranged to support WCDMA connections. Base station 220 1s herein
referred to as a base station, but 1s should be understocd that 1n some embodiments, other terms such as
access point 220 mught be considered more accurate and such embodiments are not to be excluded from

the scope of the present invention by this termunological choice.

Connection 215 may comprise resources reserved tor the connection. Radio resources of a

wireless connection 215 may comprise at least one of frequency, time, code or space resources, for

example. Resources reserved tor connection 215 may comprise a certain time-slice on a certain spreading

code, which 1s used to spread a signal over a certain frequency band. In embodiments where connection

215 1s wire-line, resources of the connection may comprse timeslots allocated to connection 215.
Connection 215 may comprise encryption, authentication and charging aspects handled by the system 1n
which base station 220 1s comprised.

Catering tor higher data rates, some wireless broadband access systems have introduced a

concept of multi-carmer system, where carriers may reside 1n a single or different frequency band. For

example in embodiments where connection 215 18 1n accordance with WCDNMA technology, 3

oeneration partnership project, 3GPP, specities the operating bands for tull duplex division, FDD,

ocperation. In the example embodiment of WCDMA technology |, each carner has a SMHz bandwidih. For
cperating band I, the bandwidth of downlink, DL, frequency 1s 2170 -2110 = 60MHz. Hence 1n operating

band I there are 60MHz / 5SMHz = 12 multiple carriers for downlink data transmmssions. The operating
band allocation 1s merely 1llustrative of one type of allocations that may be used for WCDMA technology

and, theretore, should not be taken to limat the scope of embodiments of the invention. Other operating

band allocations may be possible for other technologies, such as LTE or LTE-Advanced.
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Operating UL Frequencies DL frequencies
Band UE transmit, Node B receive UK receive, Node B transmit
| 1920 - 1950 MHz 2110 -2170 NMHz
11 1850 -1910 MH= 1930 -1990 NMHz
11 1710-1785 MH=z 1805-1880 MHz
IV 1710-1755 MH=z 2110-2155> MH=
V 824 - 849 MHz ¥69-8094 MHzZ
V1 530-840 MH=z 873-885 MHz
VI 2500-2570 MHz 2620-2690 MHz
VI 880 - 915 MH~z 025 - 960 MHz
[ X 1749 9-1734.9 MH=z 18344.9-1879.9 MHz=z
X 1710-1770 MH=z 2110-2170 MH=z
pdl 14277.9 - 1447.9 MHz 14759 - 14959 MH=z
X1 698 — 716 MHz 728 — 746 MHz
XITT T -187 MH7 T46 - 7560 MHzZ
X1V 738 — 7968 MHz 758 — 7668 NMHz
XV Reserved Reserved
XVI Reserved Reserved
XVII Reserved Reserved
XVIII Reserved Reserved
XIX 830 — 845MHz 875 — 890 MHz
XX 832 — 362 MHz 791 — 821 MH=z
XX 14479 — 1462.9 MH=z 14959 —1510.9 MH=

Table 1: An example of operating band allocations for WCDMA technology

The multi-carriers available to apparatus Z 10 may not always be adjacent. Depending on the

maximum radio frequency bandwidth and/or the maximum gap between non-adjacent carriers, and the

number of carriers apparatus 210 may support, the base station 220 may allocate non-adjacent carriers to

apparatus 210. FIGUKE 3 to FIGURE 6 provide some examples of non-adjacent carrier allocation
IFIGURE 3 15 a block diagram illustrating an allocation of two non-adjacent carriers tor an

apparatus with 15MHz maximum supported radio frequency bandwidth and SMHz carner bandwidth

cperating 1in accordance with an example embodiment ot the invention. An example of the apparatus may

be an electronmic device, such as electrome device 100 of FIGURE 1. In this example embodiment, the

maximum gap size between non-adjacent carriers — carrier 1 and carrier 2, 15 3MHz.

FIGURE 4 1s a block diagram illustrating an allocation of two non-adjacent carriers for an

apparatus with 20MHz maximum supported radio frequency bandwidth and 5SMHz carrier bandwidth

cperating 1n accordance with an example embodiment ot the invention. An example of the apparatus may

be an electronic device, such as electronic device 100 of FIGURE 1. In this example embodiment, the

maximum gap s1ze between non-adjacent carriers — carrier 1 and carrier 2,15 10MHzZ

FIGURE 5 1s a block diagram 1llustrating an allocation of three carriers for an apparatus with

2Z0MHz maximum supportad radio frequency bandwidth and SMHz carrier bandwidth operating in

accordancc with an cxample cmbodiment of the mvention. An ecxamplce ot the apparatus may be an
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electronic device, such as electronic device 100 of FIGURE 1. In this example embodiment, the

maximum gap 51z¢ between any of the non-adjacent carriers 1s SMHz.

FIGURE 6 1s a block diagram 1llustrating an allocation of three non-adjacent carriers for an

apparatus with 25MHz maximum supported radio frequency bandwidth and SMHz carnier bandwidth

cperating mn accordance with an example embodiment of the invention. An example of the apparatus may

be an electronic device, such as electronic device 100 of FIGURE 1. In this example embodiment, the

maximum gap size between any ol the non-adjacent carrers 1s SMHz

In the example embodiments of FIGURE 3-6, the carrier bandwadth 1s SMHz. The SMHz camer

bandwidth 1s merely 1llustrative of one type of allocations, and, therefore, should not be taken to limit the
scope of embodiments of the invention. Other carrier bandwidth may be possible. The carrier bandwidth
may be a fixed value or vanant. For example, when the carrier bandwidths are variant, different carriers
may have difterent carrier bandwidth values.

FIGURE 7 1s a flow diagram 1illustrating an example method for signaling and receirving data on

non-adjacent carriers in accordance with an example embodiment of the invention. Example method 700
may be performed by or 1n an apparatus, such as electronic device 100 of FIGURE 1.

At block 710, the apparatus reports a maximum radio frequency bandwidth it supports.
Reporting may comprise transmitting a report message, for example using an uplink.

At block 711, the apparatus reports a number of carriers it supports. Reporting may comprise
transmitting a report message, tor example using an uplink.

At block 712, the apparatus recerves data on non-adjacent carmriers. The data on non-adjacent
carriers may be received via a downlink, for example.

In an example embodiment, the apparatus may turther report a maximum gap size it supports
between non-adjacent carniers. The example method 700 ends at block 713, The reporting 1in blocks 710
and 711 may be etfected 1in a single message or 1n separate messages, depending on the embodiment. The
number of supported carriers may also be reported before the maximum supported radio frequency
bandwidth. The reporting and receiving of information 1llustrated in FIGURE 7 may take place over a
suitable control channel or channels, or alternatively over at least one data channel.

FIGURE 8 1s a tflow diagram 1llustrating an example method for allocating data on non-adjacent
carriers 1n accordance with an example embodiment ot the invention. Example method 800 may be
performed by or mn an apparatus, such as base station 220 of FIGURE 2. The method may also be

performed by or 1n other apparatuses, for example apparatuses comprised 1n a core network of a cellular

network, or by a device comprised in a non-cellular network.

At block 810, the apparatus receives a maximum supported radio frequency bandwidth. The

maximum supported radio frequency may be recerved via a message using uplink, for example.
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At block 811, the apparatus receives a number of supported carners. The number of supported
carriers may be recerved via a message using uplink, for example.
At block 812, the apparatus allocates data on non-adjacent carriers. The allocation of data on

non-adjacent carriers 18 determined based at least in part on the recerved maximum supported radio

frequency bandwidth and the number of supported carriers. For example, in FIGURE 3, when the
received maximum supported radio frequency bandwidth 1s 15MHz and the number of supported carriers
15 two, the apparatus may allocate data on non-adjacent camer 1 and cammer 2, and the maximum gap size

between carrier 1 and 2 1s 3MHz. In another example of FIGURE 4, when the recerved maximum

supported radio frequency bandwidth 1s 20MHz and the number of supported carners 15 two, the
apparatus may allocate data on non-adjacent carner 1 and carrier 2, and the maximum gap size between
carrier 1 and 2 may be 10MHz. In another example of FIGURE 5, when the received maximum supported
radio frequency bandwidth 13 20MHz and the number of supported carriers 1s three, data may be allocated

cn carrners 1 to carrier 3, where two ol the carriers such as carrier 1 and carrier 2 may be non-adjacent and

two carriers such as carrier 2 and carrier 3 are adjacent, and the maximum gap size between carrier 1 and
2 may be 10MHz.

In an example embodiment, the apparatus may further recerve a maxamum supported gap size
between non-adjacent carniers. The allocation of data on non-adjacent carriers 1s determined based at least

in part on the recerved maxaimum supported radio frequency bandwidth and the number of supported

carriers and the maxamum supported gap size between non-adjacent carriers. For example, in FIGURE 6,

when the recerved maxamum supported radio frequency bandwidth 1s 25MHz the number of supported

carriers 15 three and the maximum gap size between non-adjacent carriers 1s 3MHz, data may be allocated
cn carriers 1 to carner 3, where carners 1 to carrier 2 are non-adjacent, and the maximum gap size
between any ol the three carners 18 SMHz

The example method 800 ends at 813.

In an example embodiment, the maximum supported radio frequency bandwidth 1s reported 1n a
capability field. For example in embodiments where connection 215 1in FIGUKE 2 15 1n accordance with
WCDMA technology, 3™ generation partnership project, 3GPP, specifies a user terminal capability field.
In the example embodiment of WCDMA technology, each user terminal signals 1ts radio capabilities that
include a list of supported frequency bands. For the supported frequency band, a user terminal may

include an optional new “KF recerver bandwidth™ information element, IE. The new information element

may specity the value of maximum supported radio trequency bandwidth. The new information element

may also indicate that a user terminal may work in non-adjacent carrier mode. A user terminal capability
field 1s herein referred to as capability field, but i1t should be understood that 1n some embodiments, other

name of the field may be used and such embodiments are not to be excluded from the scope of the present

invention by this terminological choice.
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Frequency band specific | MP | 1. <maxFreqg
capability list =
> Frequency band MP Enumerated
> Frequency band 2 OP Enumerated Rel-6
> RF receiver or Enumerate UK maximum Rel-
bandwidth d (15, 20) supported RE XX
bandwidth measured in
MHz

TABLE 2: An example of reporting maximum supported radio frequency bandwidth

In an example embodiment, the apparatus 210 from FIGURE 2 may further report a maximum
supported gap size between non-adjacent carriers. An optional new “Maximum gap s1ze” information

clement, IE, may be included in the capability field. The new intormation element may specity the value

of maxamum supported gap size between non-adjacent carriers.

Frequency band specilic MP | 1. <maxFreq
capability list =
> Frequency band MP Enumerated
> Frequency band 2 QP Enumerated Rel-6
> RI' receiver or Enumerate UL receiver bandwidth  Rel-
bandwidth d (15, 20, measured in MHz XX
25)
> Maximum gap size ] & Enumerate The maximum size of Rel-
d{5,10,15) the gap between XX
carricrs mcasurcd in
MHz

TABLE 3. An example of reporting maximum supported radio frequency bandwidth and

maximum supported gap size between non-adjacent carriers

In an example embodiment, the apparatus 210 of FIGURE 2 may support multiple frequency
bands. In an example embodiment, the apparatus 210 mayv report the maximum radio frequency
bandwidth, the number of supported carriers and/or the maximum pap size tor each supported frequency

band.

Without in any way limiting the scope, interpretation, or application of the claims appearing
below, a technical effect of one or more of the example embodiments disclosed herein may be enabling
data allocation on non-adjacent carriers.

Embodiments of the present invention may be implemented in software, hardware, application
logic or a combination of software, hardware and application logic. The software, application logic
and/or hardware mav reside on an electronic device or a personal key. If deswred. part of the software,

application logic and/or hardware may reside on an electronic device and part of the software, applicaticn
logic and/or hardware may reside on a personal key. In an example embodiment, the application logic,

software or an instruction set 1s maintained on anv one of various conventional computer-readable media.
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In the context of this document, a “computer-readable medium”™ may be any media or means that can

contain, store, communicate, propagate or transpaort the instructions tor use by or 1in connection with an
1nstruction execution system, apparatus, or device. A computer-readable medium may comprise a
computer-readable storage medium, for example a non-transitory computer-readable storage medium, that
may be any media or means that can contain or storz the instructions for use by or in connection with an
instruction execution system, apparatus, or device.

If desired, the different functions discussed herein may be performed 1n a different order and/or
concurrently with each other. Furthermore, it desired, one or more of the above-described tunctions may

be optional or may be combined.

Although various aspects ot the invention are set out 1n the independent claims, other aspects ot
the 1nvention comprise other combinations of features from the described embodiments and/or the
dependent claims with the features of the mdependent claims, and not solely the combinations explicitly
set out 1n the claims.

It 1s also noted herein that while the above describes example embodiments of the invention,
these descriptions should not be viewed 1n a limuting sense. Rather, there are several variations and
modifications which may be made without departing from the scope of the present 1nvention as defined 1n

the appended claims.
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What is claimed is:

1. A method comprising:

reporting a maximum supported radio frequency bandwidth;

reporting a number of supported carriers;

receiving data on non-adjacent carriers, wherein the non-adjacent carriers are determined based
at least in part on the reported maximum supported radio frequency bandwidth and the reported number
ot supported carriers; and

reporting a maximum gap size vetween the non-adjacent carriers.

2. The method of claim 1, wherein reporting the maximum supported radio frequency bandwidth

comprises reporting the maximum supported radio frequency bandwidth for each supported band.

3. The method of claim 1 or 2, wherein reporting the number of supported carriers comprises

reporting a number of supported carriers for each supported band.

4. The method of any one of claims 1 to 3, wherein the maximum supported radio frequency

bandwidth 1s reported in a capability field.

5. A method comprising:

recelving a maximum supported radio frequency bandwidth;

receiving a number of supported carriers;

allocating data on non-adjacent carriers, wherein the non-adjacent carriers are determined based
at least in part on the received maximum supported radio frequency bandwidth and the received number
of supported carriers; and

receiving a maximum gap size between the non-adjacent carriers.

6. The method of claim 5, wherein the non-adjacent carriers are further determined based at least
in part on the received maximum supported radio frequency bandwidth and the received number of

supported carriers and the received maximum gap size between the non-adjacent carriers.

7. The method of claim 5 or 6, wherein receiving the maximum supported radio frequency

bandwidth comprises receiving the maximum supported radio frequency bandwidth for each supported

band.

8. The method of any one of claims 5 to 7, wherein receiving the number of supported carriers

comprises receiving a number of supported carriers for each supported band.

CA 2824008 2018-04-17
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9. The method of any one of claims 6 to 8, wherein the maximum supported radio frequency

bandwidth 1s received 1n a capability field.

10. An apparatus comprising:
at least one processor; and
at least one memory including computer program code, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause the apparatus to perform
at least the following:
report a maximum supported radio frequency bandwidth;
report a number of supported carriers;
receive data on non-adjacent carriers, wherein the non-adjacent carriers are determined
based at least in part on the reported maximum supported radio frequency bandwidth and the reported
number of supported carriers; and

report a maximum gap size between the non-adjacent carriers.

11. The apparatus of claim 10, wherein reporting the maximum supported radio frequency

bandwidth comprises reporting the maximum supported radio frequency bandwidth for each supported
band.

12. The apparatus of claim 10 or 11, wherein reporting the number of supported carriers comprises

reporting a number of supported carriers for each supported band.

13. The apparatus of claim 10, wherein the maximum supported radio frequency bandwidth is

reported in a capability field.

14. An apparatus comprising:

at least one processor; and

at least one memory including computer program code, wherein the at least one memory and the
computer program code are configured to, with the at least one processor, cause the apparatus to perform

at least the following:
receive a maximum supported radio frequency bandwidth;

receive a number of supported carriers;
allocate data on non-adjacent carriers, wherein the non-adjacent carriers are determined
based at least i part on the received maximum supported radio frequency bandwidth and the received

number of supported carriers; and

receive a maximum gap size between the non-adjacent carriers.

CA 2824008 2018-04-17
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15, The apparatus of claim 14, wherein the non-adjacent carriers are further determined based at

least in part on the received maximum supported radio frequency bandwidth and the received number of

supported carriers and the received maximum gap size between the non-adjacent carriers.

16. The apparatus of claim 14 or 15, wherein receiving the maximum supported radio frequency

bandwidth comprises receiving the maximum supported radio frequency bandwidth for each supported

band.

17. The apparatus of any one of claims 14 to 16, wherein receiving the number of supported carriers

comprises receiving a number of supported carriers for each supported band.

18. The apparatus of any one of claims 14 to 17, wherein the maximum supported radio frequency

bandwidth is received in a capability field.

16. A computer-recadable medium having computer executable program code stored thereon, the
computer executable program code when executed by a processor performing a method comprising:

reporting a maximum supported radio frequency bandwidth;

reporting a number of supported carriers;

receiving data on non-adjacent carriers, wherein the non-adjacent carriers are determined based
at least i part on the reported maximum supported radio frequency bandwidth and the reported number
of supported carriers; and

reporting a maximum gap size between the non-adjacent carriers.

20. The computer-readable medium of claim 19, wherein reporting the maximum supported radio
frequency bandwidth comprises reporting the maximum supported radio trequency bandwidth for each

supported band.

21. The computer-readable medium of claim 19 or 20, wherein reporting the number of supported

carriers comprises reporting a number of supported carriers for each supported band.

22. The computer-readable medium of any one of claims 19 to 21, wherein the maximum supported

radio frequency bandwidth is reported in a capability field.
23. A computer-readable medium having computer executable program code stored thereon, the

computer executable program code when executed by a processor performing a method comprising:

receiving a maximum supported radio frequency bandwidth;

CA 2824008 2018-04-17
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receiving a number of supported carriers;

allocating data on non-adjacent carriers, wherein the non-adjacent carriers are determined based
at least in part on the received maximum supported radio frequency bandwidth and the received number
of supported carriers; and

receiving a maximum gap size between the non-adjacent carriers.

24, The computer-readable medium of claim 23, wherein the non-adjacent carriers are further
determined based at least in part on the received maximum supported radio frequency bandwidth and the
received number of supported carriers and the received maximum gap size between the non-adjacent

carriers.
25. The computer-readable medium of claim 23 or 24, wherein receiving the maximum supported

radio frequency bandwidth comprises receiving the maximum supported radio frequency bandwidth for

each supported band.

26. The computer-readable medium of any one of claims 23 to 25, wherein receiving the number of

supported carriers comprises receiving a number of supported carriers for each supported band.

27. The computer-readable medium of any one of claims 23 to 26, wherein the maximum supported

radio frequency bandwidth is recetved 1n a capability field.

CA 2824008 2018-04-17
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